Many single-species freshwater phylogeographic studies have been carried out in south-east Queensland; however comparative phylogeography requires multiple lines of evidence to infer deep, significant relationships between landscape and biota. The present study aimed to test conclusions resulting from single taxon studies in a multispecies comparative framework: (1) how influential are river basins in the genetic structure of freshwater species; (2) are there biogeographic frontiers between groups of basins; and (3) could deep intraspecific lineages be explained by a single event? New and existing data from 33 freshwater species (23 fishes and 10 crustaceans) were combined, and both standard single-species analyses (haplotype networks, genetic distances, ΦST) and multispecies methods (hierarchical ABC) were carried out for 1814 sequences from eight basins. More than half of the species displayed a high phylogeographic structure and contained at least two distinct lineages. Almost all of the lineage divergences displayed an element of north/south geographic breaks, with the most influential boundary being between the Mary and Brisbane rivers. Of the 11 basin-pair multispecies coalescent analyses, four implied a single divergence as being most likely. A regional analysis of deep lineages within 16 taxon-pairs resulted in a strongly supported inference of a single divergence, probably dating to the Pleistocene. Basin boundaries are a key determinant of phylogeographic patterns for most of these freshwater species, although the specific biogeographic relationship between basins often varies depending on the species. There are a number of influential biogeographic frontiers, with the Brisbane-Mary being the most important. The finding that a single event may be responsible for multiple deep lineages across the region implies that a highly influential climate change event may have been detected.
INTRODUCTION
Using many lines of evidence to reach a conclusion is a basic precept in science (Dawson, 2013) . This manifests itself in the world of molecular biology by the use of multiple loci in phylogenetic and landscape genetic studies (Rokas & Carroll, 2005; Wang, 2011) , in particular with the advent of next generation sequencing. For these types of analyses, the unit of study is generally the species or population. However, one could instead view landscape genetics and phylogeography from the point of view of geography, in which case the landscape itself becomes the basic unit of analysis (Bermingham & Martin, 1998) . Biogeography has a long-standing tradition of assuming that geographical areas are the point of the study, with different species constituting the multiples lines of evidence from which to draw a larger conclusion. This is in much the same way as a molecular phylogeny can tell the larger story of a species or clade using numerous unlinked genetic markers that dwell within them (Toews & Brelsford, 2012) or how parasites can reveal the history of their hosts (Waters et al., 2007) .
Early on in the history of phylogeography, it was intended that multiple co-distributed species would be compared and contrasted to penetrate the inherently complex relationship between landscape and biota (Dawson, 2013) . This was carried out in studies of the freshwater, terrestrial, and maritime fauna of the south-eastern USA (Avise, 2000) , Neotropical freshwater fishes (Bermingham & Martin, 1998) , and Australian herpetofauna (Schäuble & Moritz, 2001 ). However, many subsequent phylogeographic studies have not fully embraced this comparative framework, and have often presented data of only a single, or a few closely-related, species (Beheregaray, 2008; Gutierrez-Garcia & Vazquez-Dominguez, 2011) , and then have often tried to draw larger biogeographic inferences. These conclusions will necessarily be crisp and coherent without the confusion of multiple different stories; however, reality usually is messy. Although it is possible that a single species may reflect the 'true' history of an area (if such a thing can even be said to exist), it may also be that this particular species tells an idiosyncratic 'narrative' because many layers of factors will contribute to any history (Husemann et al., 2012) . In this case, a single species may be considered as a nuisance parameter adding unwanted noise to analyses and leading the unwary phylogeographer in the 'wrong' direction.
Comparative phylogeography can help to identify those groups of species with similar genetic histories and then attempt to relate them to the local geography, geology, ecology, and life history (GutierrezGarcia & Vazquez-Dominguez, 2011) . As traditionally performed, comparative phylogeography aggregates and compares individual species analyses (Hickerson et al., 2010) , rather than integrating them into a single statistical analysis with the added power and 'borrowing strength' of multiple lines of evidence (Hickerson, Stahl & Takebayashi, 2007) . This is now possible with hierarchical approximate Bayesian analysis (hABC). This model-based method accounts for the effect of variable demographies and the randomness of the coalescent in multiple taxa simultaneously using simulations, allowing for more realistic and large-scale biogeographic hypothesis testing (Hickerson et al., 2010) . For example, how should one interpret co-distributed taxa with very different levels of divergence across the same geographic area? If it were over a relatively long time frame, and there was reason to assume that the markers were diverging at similar rates, then it may be reasonable to consider that one was looking at separate divergence events (Hickerson, Stahl & Lessios, 2006b) . It might also be tempting to do so over relatively shorter times but, here, even if one taxon had diverged four times as much as another, it might only amount to four substitutions compared to one in the other. This could well then fall within the range of stochastic variation as a result of the vagaries of the coalescent process and the effects of differing demographic factors (Nielsen & Beaumont, 2009) , which when accounted for may imply that a single event is at least feasible (Hickerson et al., 2006b) . Therefore, a combination of single and multispecies analyses can help tease apart the complex strands of multiple phylogeographic histories (Byrne, 2008) and allow for a more balanced and nuanced biogeographic inference for whole communities of non-model organisms.
Freshwater species have featured prominently in biogeographic and phylogeographic studies (Beheregaray, 2008) , largely because the island-like nature of rivers and lakes has fostered multiple levels of allopatry, thus creating demonstrable patterns, even at small scales (Hughes, Schmidt & Finn, 2009) . Because river basins (also known as drainages, catchments, watersheds) are bounded by land and sea, there is more movement of freshwater species within than between them (Hughes, Huey & Schmidt, 2013) . Thus, they have become the de facto unit for much freshwater science, be it biogeography, conservation or management (Wishart & Davies, 2003) .
A region that has been the subject of many freshwater studies is south-east Queensland in eastern Australia, and so provides a wealth of legacy data. Multispecies ecological datasets have made the relationship between biota, environment, and hydrology clearer in south-east Queensland (Kennard et al., 2007) . This relates to contemporary populations, whereas phylogeography can add the dimension of time (Diniz-Filho et al., 2008) . Repeated glacial cycles have changed sea-levels, potentially leading to the coalescence of currently isolated rivers and facilitating the dispersal of freshwater species (Unmack, 2013) , an imprint of which should be visible in their genomes (Hewitt, 2011) . This region lends itself well to phylogeography because it has not been well studied geologically and so biotic relationships can inform landscape evolution (Riddle et al., 2008) . Phylogeographic studies from this region have all been single, or at most two taxon studies, with concomitant differing conclusions about the relationship between the biota and landscape. However, particular themes have emerged in many of these studies, such as the major phylogeographic structuring effect of basin boundaries (Wong, Keogh & McGlashan, 2004) , the occurrence of larger-scale biogeographic frontiers (Hodges, Georges & Donnellan, 2014) , and the presence of deep lineages within many species (Page, Sharma & Hughes, 2004) .
The aim of the present study was to determine whether these conclusions from single taxon studies would hold up when confronted with more broad-based datasets using many species and new forms of analyses. Accordingly, we combined new and published data from 33 freshwater species (fishes and crustaceans) to AUSTRALIAN FRESHWATER PHYLOGEOGRAPHY 555 search for patterns among groups of species and groups of basins using both standard single-species and simultaneous coalescent multispecies methods. We considered three specific questions at increasingly large geographical scales: (1) how influential are river basins in the genetic structure of freshwater biota; (2) are there distinct biogeographic frontiers between groups of basins; and (3) can deep intraspecific lineages found across the region be explained by a single event?
MATERIAL AND METHODS
STUDY AREA
The geographic focus of the present study is the eight mainland river basins of south-east Queensland, Australia, near the major city of Brisbane (Fig. 1) , from the Gold Coast (approximately 28°S) bordering the McPherson Range north to the Mary River (approximately 25°S) within the North-east Coast Division (Pusey, Kennard & Arthington, 2004) . Basins are as used in Pusey et al. (2004) and Page et al. (2004) , some of which largely comprise a single, interconnected river catchment (e.g. Brisbane, Noosa, Mary), and some of which are comprised of smaller, proximate coastal creeks not currently connected (e.g. Gold Coast, Maroochy, Tin Can Bay). The rivers in this area flow eastward into the South Pacific Ocean (approximately 153°E), with those farthest west draining the Great Dividing Range (approximately 152°E), which forms the boundary with the inlandflowing Murray-Darling Division. The two largest river basins are the Brisbane (13562 square km) and Mary rivers (9401 square km). Temperate and subtropical climates meet here, with the main flow peak in the summer, although it can vary greatly (Kennard et al., 2007) . Sea-levels have changed radically, with 41 climate oscillations between the late Pliocene and mid-Pleistocene alone (Hewitt, 2011) , at times being 120-135 m lower (Clark & Mix, 2002) . At times, the coast was a further 40 km or so to the east, leading to the confluence of some rivers that are presently unconnected given the current high sea-levels over the last 6000 years (Hughes et al., 1999) . The continental shelf is relatively thin at the southern end of this area (approximately 25 km) but widens to the north (approximately 75 km) (Harris et al., 2005; Jones, 2006) , increasing the chances of river confluence during times of low sea-levels ) (see Supporting information, Appendix S1).
STUDY SPECIES AND SAMPLING
Obligate freshwater species were targeted in the present study because their phylogeographic structures are likely to have been significantly influenced by the landscape (Unmack, 2013) ; in particular, the relative position of river basins (Loxterman & Keeley, 2012) . For this reason, we did not target aquatic insects, most of which have a flying dispersive stage (Hughes et al., 2011) , and concentrated on widespread native species of fishes and crustaceans commonly found in freshwaters in multiple basins throughout the region; in particular, species with some existing molecular data that could be integrated (for two letter species codes and three letter basin codes, see Table 1 ). We conducted 15 sampling trips between 2003 and 2010, intentionally choosing numerous sites throughout the region to favour a wider geographical coverage over larger numbers of individuals from fewer sites (Gutierrez-Garcia & Vazquez-Dominguez, 2011) . Specimens were caught with seines or dip-nets, box traps or with an electrofisher, and fin clips, legs or Table 1 ). whole individuals were preserved in liquid nitrogen or 95% ethanol. Numerous individuals and institutions also provided specimens; in particular, the Queensland Department of Science, Information Technology, Innovation and the Arts (see Acknowledgements). Data were also obtained for a further three species wholly from published studies, giving a total of 33 species (23 fishes, 10 crustaceans) ( Table 1) . We included phylogenetically distant species because we were interested in the relationship between the local freshwater community and the landscape, rather than that of a narrow range of species for which relatedness might contribute to similar phylogeographic histories rather than as a common response to the landscape (Chan, Brown & Yoder, 2011; Sternberg & Kennard, 2013) . We strove to include taxa with well resolved taxonomy at the species level (Gutierrez-Garcia & Vazquez-Dominguez, 2011) because, if a taxon were to harbour multiple, 'cryptic' species (Daniels et al., 2003) within it, then secondary contact across a basin boundary would likely not lead to gene exchange (except in cases of hybridization). This would thus defeat the purpose of assuming each 'species' is a single, independent replicate with which to test the effect of basin divides (Hickerson et al., 2010) . Two 'species' of fishes and seven of crustacean included in the present study have strong pre-existing published data that imply complex species boundaries, and so we divided them thus to avoid inadvertently including cryptic species (Table 1 ; see also Supporting information, Appendix S2).
MOLECULAR METHODS
Genomic DNA was extracted using a modified version of a CTAB-phenol/chloroform extraction method (Doyle & Doyle, 1987 ) and a gene fragment amplified and sequenced for all specimens (for primer and polymerase chain reaction conditions, see Supporting information, Table S1 ). The specific gene amplified for each species was largely determined by which gene had been used in pre-existing studies, so that all available data for each species could be combined. The four genes used in the present study were ATPase (ATP), cytochrome b (CytB), cytochrome oxidase subunit I (COI), and control region (CR). ATP, CytB, and COI all diverge at approximately the same rate, whereas CR is generally faster but rates can be very variable (Page & Hughes, 2010) . These are all standard, common mitochondrial markers that are still the work horses of phylogeography (Beheregaray, 2008) and are informative at the within-species, regional-scale level (Barrowclough & Zink, 2009 ). Concordant mitochondrial patterns across multiple, unrelated co-distributed species are likely to represent important landscape processes (Avise, 2000) , and are unlikely to be affected similarly by selection (Hickerson & Meyer, 2008 ).
INDIVIDUAL SPECIES PHYLOGEOGRAPHIC ANALYSIS
As a 'first stage' (Diniz-Filho et al., 2008) , each species was analysed separately. DNA sequences generated by this project were aligned with sequences from published and unpublished studies (Table 1; for all sequence information, see Supporting information, Table S2 ) using SEQUENCHER, version 4.1.2 (Gene Codes Codes Corporation) and trimmed so that all sequences for each species were the same length. Each species constituted a separate dataset that included all sequences from that taxon from across the region. Separate haplotype networks were constructed for each species showing basin location for each sequence. We used TCS, version 1.21 (Clement, Posada & Crandall, 2000) , with a 95% confidence limit for connections (relaxed for more divergent lineages), to visualize relationships between genotypes and basins, and to identify deep splits, and basins that may host more than one lineage. Corrected molecular distances (to account for within-clade polymorphism) were calculated between distinct groups of haplotypes using the common Kimura two-parameter model (K2P) in MEGA, version 4.0.2 (Tamura et al., 2007) to standardize measures (Lessios, 2008) . Monophyletic groups ≥ 0.8% divergent were considered as distinct lineages. To assess the amount (and depth) of genetic variation potentially explained by basin boundaries, overall Φ ST was calculated for each species using ARLEQUIN, version 3.5 (Excoffier, Laval & Schneider, 2005) , with 1000 permutations for significance testing. Negative ΦST values were set to zero. For the ARLEQUIN analyses, populations were defined by basins and only included those that had at least three sequences for each relevant species for a given basin. These individual species analyses provide information on the influence of basin and suprabasin (above basin scale) boundaries relating to our first two main questions, and define the deep lineages for our third question (regional scale patterns).
MULTISPECIES COALESCENT ANALYSIS
To gain the advantage of multiple lines of evidence in a single analysis and to account for stochasticity inherent in the coalescent process (Nielsen & Beaumont, 2009 ), we carried out simultaneous multispecies coalescent analyses in an hierarchical ABC framework in MTML-msBayes (Hickerson et al., 2007; Huang et al., 2011) . This was to estimate the probable number of divergence events. We looked at the effect of current basin boundaries on population divergences by considering the relationship of each pair of adjacent mainland basins (11 pairs in total) because msBayes considers population pairs. A separate dataset was created for each basinpair and included taxon-pairs that satisfied three strictures: (1) there were at least three sequences for each species in both descendant populations (Hickerson et al., 2007) ; (2) pairwise Φ ST (calculated in ARLEQUIN) between the relevant basins was significant (otherwise there was no divergence to identify); and (3) only a single lineage within each species was included per basin because > 1 would violate the assumption that the maximum number of divergences = the number of taxon-pairs (Hickerson et al., 2006b) . If more than one lineage per basin was identified in the single species analyses, we then reassessed by considering each lineage separately using the first two criteria above, with the new proviso that lineages were excluded if they had a known sister group outside the relevant area (such as to the Murray-Darling) because any resulting divergence would likely not be informative about the two selected basins of interest. If more than one lineage still remained after the selection process, then that taxon was excluded from the specific analysis because it could not be established which of the lineage divergences might reflect the chosen basin-pair (for pairwise Φ ST and multiple lineage details, see Supporting information, Table S3 ). Thus, we negated the issue of the potential bias of 'ghost' sister populations from another areas being interposed between the relevant areas of interest.
MTML-msBayes was used to simulate 1 000 000 datasets per basin-pair [upper τ set to 2.0 for all, except 1.25 for BRI-PIN and NOO-MCY, 3.0 for BRI-MRY 'Deep' (determined after preliminary test runs for all)] with the HKY model of evolution and accepted 1000 simulated draws from the prior (sensu Hickerson et al., 2006b) using the π b summary statistic (mean pairwise differences between populations; Hickerson, Dolman & Moritz, 2006a) , as suggested for datasets with a low number of individuals per taxonpair (Hickerson et al., 2007) , with uniform priors and migration set to zero. We initially assumed a uniform mutation rate because mitochondrial genes are linked and most diverge at broadly similar rates (Page & Hughes, 2010) . Furthermore, mutation is unlikely to be a significant factor for relatively recent population divergences, where genetic drift and selection will be far more influential (Riddle et al., 2008) . Posterior distributions were estimated for hyperparameters Ψ (number of divergence events) and E(τ) (mean time since divergence) using the local regression method, with probabilities calculated for all divergence scenarios, from a single divergence up to the total number of taxon-pairs. For cases where a single divergence had the highest posterior probability: (1) Bayes factors were calculated for 1 divergence versus > 1 divergence; (2) the strength of evidence assessed (Kass & Raftery, 1995) ; and (3) the age of this putative divergence calculated. Given the uncertainty over both mutation rates and generation times (Huang et al., 2011) , various ages were estimated using a range of mutation rates (0.6%, 1.0%, 1.8%, 11.6% per million years; Waters et al., 2007) and generation times (set to 1 year, and derived from specific life-history information (Sternberg & Kennard, 2013 ) (for entire range, see Supporting information, Table S4 ).
We took a special look at the relationship between the two biggest basins in the area: the Brisbane and Mary. We re-ran the above analysis but added a mutation rate scalar to account for potentially different divergence rates between mitochondrial genes that could represent a confounding factor (Huang et al., 2011) . However, if rate variation were to exist, the expectation would be for an incorrect inference of multiple events rather than a false finding of a single event because this would require the rates to be, by chance, inversely proportional to the actual isolation times (Hickerson & Meyer, 2008) . Divergence rates for ATP and CytB relative to COI were calculated individually for each species using the mean of its relative divergence of ATP/CytB to COI sequences from other species within the same family to avoid saturation effects (data from Page & Hughes, 2010) , thus all species were effectively rescaled to COI. Species using CR sequences were excluded from this analysis because the lack of a consistent relationship between CR and other mitochondrial locus divergence rates means that they can not be reliably rescaled (Page & Hughes, 2010) . Pairwise net between-group mean K2P distances between taxon-pairs were graphed and two further analyses run using a mutation scalar; one including only the shallower diverging taxa (0.1-1.1%) and the other with only the deeper taxa (2.4-3.9%).
We also investigated within the Mary Basin itself. Because multiple within-species lineages have been found there, it appears to comprise a meeting point and crossroads for numerous lineages between the north and south (Page & Hughes, 2007b; Bentley, Schmidt & Hughes, 2010) . The Mary analysis included the five species for which we had identified multiple lineages present within the Mary and satisfied the criteria for the basin-pair analyses above (see Supporting information, Table S5 ).
The within-and between-basin coalescent analyses above provide data for our first two questions (i.e. the influence of basins and groups of basins). Deep genetic breaks were apparent in many of the individual species analyses, independent of precise AUSTRALIAN FRESHWATER PHYLOGEOGRAPHY 559 geography. MTML-msBayes was also used to assess our third question, aiming to determine whether a single large-scale event could be responsible for the obvious deep lineages (of at least 0.8% K2P) within multiple species across the entire region. This is an extension of standard msBayes type analyses between two areas, although it is similar because it also assesses whether divergences of population pairs within a defined area are likely to be simultaneous. All species that hosted distinct lineages were included. For species with more than two lineages, lineages were excluded that had biogeographic affiliations outside the region (see Supporting information, Table S6 ). Initially, all mutation rates were assumed to be equal. The regional analysis was run a second time with adjustments: (1) one species with a divergence twice as high as all the rest was removed because it may actually represent two distinct biological species; (2) a mutation rate scalar was used; and (3) species using control region sequences were removed as per the Brisbane-Mary analysis described above.
RESULTS
A total of 605 specimens from 30 aquatic species were sequenced for a mitochondrial fragment (Table 1; see  also Supporting information, Table S2 ). A further 1209 sequences were added from 19 published and two unpublished studies (Table 1; see also Supporting  information, Table S2 ) to make a final south-east Queensland dataset of 1814 sequenced specimens from 33 species (approximately 55 per species). All input datasets for all analyses are available online at Dryad (doi: 10.5061/dryad.m7rc3).
INDIVIDUAL SPECIES
Each individual species was assigned to a qualitative level of phylogeographic structuring, from 'very low' (no obvious geographic structure and nonsignificant ΦST; 7 species); 'low' (haplotype sharing between basins, significant ΦST; 7 species), 'medium' (no haplotype sharing but < 0.8% divergence; one species), 'high' (0.8-4.0% divergence; 17 species), to 'very high' (> 4.0% divergence; one species) (Table 1; for exemplars, see Fig. 2 ; for all species, see also Supporting information, Fig. S1 ). More than half of the species displayed a high or very high phylogeographic structure (18 of 33 species) and contained at least two distinct lineages. Seven of these species consisted of three lineages across the area, and one consisted of five lineages (Table 1) . Lineage divergences ranged from 0.8-4.0% (mean 2.1%), with an outlier of 7.6% within Pseudomugil signifer Kner, 1865 (species code PS) ( Table 1 ; see also Supporting information, Fig. S1DD ). Almost all of the lineage divergences (16/18) displayed an element of north/ south geographic breaks, with the most influential boundary being between the two biggest basins, Mary and Brisbane (nine species; see Supporting information, Table S7 ). The next two most influential boundaries in terms of deep lineages are the more east/west ones between the Mary/Noosa (six species) and Mary/Maroochy (four species). Most lineages aligned with basin boundaries; however, some lineages were found to cohabit the same basin, particularly the Mary which hosts multiple lineages from eight species, but also the Maroochy (four species) and Gold Coast (three species) (see Supporting information, Table S7 ). The within-basin Maroochy and Gold Coast divergences might be explained by these basins actually being composite in nature, with phylogeographic breaks reported between unconnected creeks that constitute them (Sharma & Hughes, 2009 ). However, this is not the case for the Mary, which is a legitimate single hydrographic unit.
Almost three-quarters of species (24/33) displayed significant overall Φ ST across the region when delineated by basin boundaries, with a further two species probably only nonsignificant as a result of low sample size (CH, CP) ( Table 1) . Almost all of the other nonsignificantly structured species identified here have also shown a similar lack of structure over larger geographic areas in previous studies and/or have an amphidromous life history that frequently precludes phylogeographic structure (Hughes et al., 2013) (see Supporting information, Appendix S3 and Supporting information references, Appendix S4).
MULTIPLE SPECIES
Of the 11 basin-pair multispecies coalescent analyses, four implied a single divergence as most likely (two divergences -two analyses; three divergences -three analyses; four divergences -two analyses), although evidence for these was not particularly strong (Table 2) . Between the relevant basins constituting the four basin-pairs that found only a single divergence, the mean number of deep 'lineage'-level divergences is very low (0.75). By contrast, it is much higher for the remaining seven basin-pairs that imply more than one divergence (mean of 8.66 lineages) ( Table 2 ; see also Supporting information, Table S7 ). Point estimates of the ages of these four inferred single divergences vary wildly depending on assumptions of mutation rate and generation time, from 7569 to over two million years; with middling assumptions (1% mutation rate and varied generation times) giving estimates of 87 797, 241 082, 582 192, and 1 246 691 years. Calculated dates displayed below also assume a 1.0% mutation rate and varied generation times (for all calculations, see Supporting information, Table S4 ).
The initial basin-pair analysis of the Brisbane-Mary relationship assumed a uniform mutation rate and implied two divergences, although this was only marginally better supported than four, six, five and seven divergence events (Table 2 ). This analysis was re-run with a mutation rate scalar (and one species excluded as a result of control region sequences) and found that three divergences was most likely, although nine and eight divergences were also almost as well supported ( Table 2) . The pairwise population divergence of taxonpairs was graphed (both original gene distances and rescaled with mutation scalar) (Fig. 3) , showing two distinct species groupings of divergence (deep -five species; shallow -six species). The dataset was split along these lines and re-run separately with a mutational scalar. Both of these analyses found a single divergence to be by far the most likely within each group of species (Table 2), implying that the initial finding of two divergences between the Mary and Brisbane may have been reasonable, although the evidence is stronger for the shallow divergence to be a single event (Table 2) . Estimates for these divergences were: (1) 'Shallow': 139 499 years (21 997-983 724 95% confidence interval) and (2) 'Deep': 2 325 546 years (1 599 709-2 962 474) (for all estimates, see Supporting Information, Table S4 ).
For the within-Mary basin analysis, a single divergence was recovered as most likely (Table 2 ) and dated to 1 260 724 years (598 102-2 450 601; see Supporting information, Table S4 ). Our regional analysis of the 19 deeper lineage level divergences resulted in an inference of a single divergence (posterior probability 0.156; Table 2) dated at 2 240 192 years (1 106 564-3 346 993) (see Supporting information, Table S4 ). However, the second highest probability (0.105) was for 14 divergence events. We re-ran this analysis using a mutational scalar, and excluding two species that used unscalable control region sequences (NO, TT) and one species with an anomalous divergence so deep that it may represent separate species and obviously does not relate to the other included divergences (PS; see Supporting information, Fig. S1DD ). This new analysis resulted in a strongly supported inference of a single divergence ( Fig. 4; Table 2 ) among the 16 taxon-pairs included, and dated at 1 634 320 years (935 948-3 028 224) (posterior probability 0.338; Table 2 ) (see Supporting information, Table S4 ).
DISCUSSION THE IMPORTANCE OF BASIN BOUNDARIES
Given the extreme dispersal limitations of freshwater species, the river basin is the obvious base unit to adopt when describing their geographic structures. Indeed, previous single taxon studies of various freshwater species have often shown the influence of basin boundaries (Australia; Wong et al., 2004; Carini & Hughes, 2006 ; the Americas; Loxterman & Keeley, 2012) . However, the levels of genetic differentiation encompassed by each basin can be quite distinct and, in some cases, not very influential (Australia; Huey, Hughes & Baker, 2006; Sharma & Hughes, 2011 ; the Americas; Unmack, Barriga, Battini et al., 2012) . The main difference between many studies is not the basins examined but the species, and so the landscape has been viewed through a distinctly different lens in Figure 3 . Genetic divergence between populations of 11 species between the Brisbane and Mary basins used for separate Deep/Shallow multispecies coalescent analyses (for species codes, see Table 1 ). each case. We approached this through brute force, using as many different taxa as possible (33 species). We found that the river basin is a key determinant in the phylogeographic patterns of most freshwater species, with 79% of the included species showing a significant effect of basin boundaries on their genetic structures, although this provides us with little detailed information regarding basin divides. For those species that did not appear to respond to geography, there are reasonable explanations, generally related to species-specific life-history factors (see Supporting information, Appendix S3).
However, neither geography, nor biology are purely deterministic but, instead, are simply indicative (Dawson, 2012) . If both landscape and biota change through time (Peterson, 2009) , and we see a common pattern among co-distributed taxa, are we seeing the result of the same process here, which is somehow related to river basins? In terms of populations of freshwater species, possible processes include river capture (Aboim et al., 2013; Waters, Allibone & Wallis, 2006) , low elevation 'divides' (Unmack, 2013) , and river confluence during lower sea-levels . These all can create dispersal corridors between currently isolated basins. Even if it is the same 'process', such as a falling/rising sea-level connecting/sundering populations, is it the same 'event'? Oscillating cycles (April et al., 2013) can lead to a repetition of similar events, caused by the same process and in the same place but at different times (Page & Hughes, 2007b) .
The complex biological relationships between basins are not easily assessed with a single replicate (i.e. species) but can at least be approached using multiple species within a hierarchical ABC framework (Hickerson et al., 2006b ). When we looked at the relationships of 11 pairs of adjacent basins, we found that 64% of these analyses implied more than one divergence between basins. Furthermore, this was only after disregarding those species that did not display geographical structure across the relevant basins, also implying recent or present connections. Because a finding of no co-divergence with msBayes is likely to be robust (Oaks et al., 2013) , this implies a multilayered and idiosyncratic biogeographic relationship between basins (sensu Thacker et al., 2007) , with the landscape influencing different species, or different suites of species, at various times in distinct ways (Griffiths, 2010) .
Although each species or species group may have its own history, on four occasions in our multispecies basin-pairs analyses, the inference was of a single divergence between basins for those included species. Does this mean that we have found the 'smoking gun' of a single event? This is possible, or it could instead be a result of msBayes having more difficulty in differentiating more recent divergences from each other (Hickerson et al., 2006b ) and simply grouping them together (Oaks et al., 2013) . These four occasions were all on the more recent end of the spectrum (Table 4) , probably less than the 2 million years, within which a finding of single divergence is possible more than 5% of the time even in the face of a random divergence history (Oaks et al., 2013) . The four occasions of a single 'divergence' included a very low number of the deeper lineage-level divergences, . Prior and posterior probability densities for different numbers of divergence events (Ψ) for 16 species-pairs in the Regional multispecies coalescent analysis using a mutational scalar (for species details, see Supporting information, Table S6 ).
implying that the shallower, more recently diverged species-pairs may indeed be driving the findings of a single divergence.
It is not surprising that msBayes would group together 'different' divergences if the range of random variation they represent is encompassed within the range of variation as a result of demographic differences and the stochastic coalescent process, because that is what it was designed to detect (Hickerson et al., 2006b) . There is also a problem with the very idea of a simultaneous divergence or event because even patterns derived from the same 'event' may not happen at exactly the same time. For example, a confluence of two rivers created by low sea-levels, or a temporary freshwater connection across a basin divide, may exist for many thousands of years, perhaps with some species colonizing at its initial creation, and others right at the end; thus, they are derived from the same event but at different times. From the other perspective, two divergences that happened at the same time but by completely unrelated processes are still 'simultaneous'. This type of analysis says nothing about process (Crisp, Trewick & Cook, 2011) , such that overlapping divergences should be grouped together, whether as a result of a common process or not, and perhaps says more about the power of the analysis given the data rather than the real events (Oaks et al., 2013) . It is up to researchers to infer process and chose to equate them, or not, with a particular event or process.
Although the null hypothesis should be that each species has its own history and is shared only by chance (Bermingham & Martin, 1998) , as more and more species show the same pattern then pure chance is less likely (Riddle et al., 2008) . There is plenty of evidence to indicate that basins have been and are highly influential on the phylogeographic structure of freshwater (Wishart & Davies, 2003) , and even terrestrial animals (Garrick et al., 2007) , and do indeed partition a great deal of diversity.
PHYLOGEOGRAPHIC AND BIOGEOGRAPHIC FRONTIERS
Although river basins can clearly delineate populations of many freshwater species, the very fact that the same species exist on both sides of a basin divide means that it is not impassable at all times. It appears as if not all basin boundaries were created equal, because some abutting basins appear to host very similar freshwater communities, and some very distinct, both from species distribution and phylogeographic perspectives. Within south-east Queensland, the border between the Mary River and the Brisbane and other rivers to the south (Fig. 1 ) has been identified in many single taxon papers as being particularly influential (Bentley et al., 2010; Hodges et al., 2014; Wong et al., 2004) . This is strongly supported in our multispecies analyses, where the Mary/ Brisbane comparison yielded the most species with significant breaks between adjacent basins (Table 2) and the most deep lineage-level divergences that correspond to basin boundaries (see Supporting information, Table S7 ). Indeed, the Mary also features in the next two most basin lineage-level divergences (versus Noosa, versus Maroochy; see Supporting information, Table S7 ), implying the existence of a significant phylogeographic frontier between the Mary and all points south and east. Hughes et al. (1999) and Hodges et al. (2014) both highlight the differentiation of populations of a fish and turtles species, respectively, between the Mary and rivers to the south. They both also note the lack of differentiation between populations in different basins to the south of the Mary, which we also see within many other species.
Although we only consider intraspecific phylogeographic breaks in the present study, the Mary/ Brisbane frontier also represents putative specieslevel differences between sister species (Hammer et al., 2007) and the northern/southern natural distribution limit of many freshwater fish species (Pusey et al., 2004) . These multiscale differences strongly imply that the basin boundary between the Mary and rivers to the south represents a 'hard barrier' of long-standing (Peterson, 2009) , which has been influencing the biogeography of many species for millions of years (April et al., 2013) . This probably relates to large-scale biogeographic patterns including areas to the north of the Mary. Although the Mary versus south may be the most influential frontier in this area, there are also important boundaries within the southern region (Brisbane versus Logan-Albert; Logan-Albert versus Gold Coast; Table 2 ; see also Supporting information, Table S7 ). These are likely the manifestation of larger-scale biogeographic patterns relating to areas further to the south because this area is also the natural distribution limit of a number of species (Pusey et al., 2004; Unmack, 2013) .
When studying the pairwise divergences between populations in a major basin (e.g. Mary, Brisbane) and those in adjacent smaller coastal basins (e.g. Tin Can Bay, Pine), the number of significant divergences is lower. These smaller 'satellite' basins appear to host a subset of the diversity found within the larger basins (Page & Hughes, 2007b) . There is a probable geological explanation for many of these patterns. As sea-levels fall, new confluences replenish smaller basins and allow population mixing and persistence of those species with the relevant traits until the next period of higher sea-levels (Sternberg & Kennard, 2013) . However, the highly channelized nature of freshwater dispersal corridors means that the choices are limited (Griffiths, 2010; Sternberg & Kennard, 2013) . Reconstructions of the river pathways at times of lower sea-level (Harris et al., 2005) indeed show the potential mixing of many of the southern coastal rivers, although the Mary always remained distinct from them, fostering localized interchange but larger-scale isolation. April et al. (2013) describe the situation of geographic barriers and climate oscillations as a 'speciation pump', which may also explain the complex diversity seen in south-east Queensland. April et al. (2013) refer to particular areas as 'suture zones', where secondary contact of previously allopatric lineages leads to a complex tapestry of diversity (Hughes et al., 2009) . This results in a combination of sympatric lineages, hybrids (Toews & Brelsford, 2012) , and new species, depending on the amount of time and particular species. We see something similar in the Mary River, within which at least eight freshwater species have multiple deep lineages (see Supporting information, Tables S5 and S7). Certain basin divides appear to delineate larger scale and more ancient multispecies divergences.
REGIONAL CLIMATE CHANGE
Various deep within-species lineages are found across south-east Queensland, some aligning clearly with current basin boundaries and some representing groups of basins and partially overlapping. This may be the result of climate change, which single taxon studies have also inferred (Ponniah & Hughes, 2006) , because there are few other such large-scale processes that would likely affect so many species simultaneously across a region. Refugial populations expand out when possible, and contract when forced (Byrne, 2008) . What is unclear is whether we can see the clear-cut shadow of a single large-scale regional event (Riddle et al., 2008) or more amorphous repetitions of nested speciation pumps engaging every 100 000 years or so. One of the early drivers of phylogeography was to understand the impact of extreme climate change events (Avise, 2000) . Hierarchical ABC allows us to test the hypothesis of a single divergence, and we found that a single event could explain the divergences within 16 species (Fig. 4) . A particularly difficult stage is to convert this putative event into real time, particularly given the imprecision of the molecular 'clock' (Waters et al., 2007) . Our middle of the road point estimate is 1.6 million years ago (see Supporting information, Table S4 ), which would place it in the Pleistocene, an epoch frequently invoked as being very important (Hewitt, 2011) . Leaving aside whether this particular calculation reflects reality, this is precisely the time period that we would expect to be highly influential for freshwater within-species phylogeography (Beheregaray, 2008) given its extreme climate change events (Byrne, 2008) . Overlaid on top of this pattern are other older between-species level divergences, which relate to earlier events in the Pliocene and Miocene (Munasinghe, Burridge & Austin, 2004; Ponniah & Hughes, 2006; Byrne, 2008) .
However, could a finding of a single divergence simply be a result of the potential bias of this form of analysis as discussed above? An incorrect inference of a single event is less likely here than for some of the other basin-pair analyses because the age is older (up to 5 million years depending on assumptions; see Supporting information, Table S4 ) (Oaks et al., 2013) . However, the result still could fall within the potentially problematic range of within 2 million years (Oaks et al., 2013) . In many ways, it does not really matter because the event is unobservable (Crisp et al., 2011) . We can state, however, that the levels of divergence seen in these species could be explained by a single large-scale regional event.
CONCLUSIONS
Given our particular set of questions and suite of freshwater species, we have found that a multispecies, comparative approach can often support the narrower conclusions of single-species studies. For example, many single-species studies have emphasized the influence of river basins, the importance of the Brisbane-Mary divide, and the presence of deep lineages throughout the region (our three main questions). Indeed, most of the species in the present study did reflect the structuring effect of basins, although one-fifth of them did not, and those that did also displayed a great range of divergences. Furthermore, most of the population pairs between the Mary and Brisbane in the present study did reflect the hypothesized genetic boundary there. However, one quarter of the species did not, with more than onethird of them having multiple lineages in at least one of the two basins, and our results implied at least two distinct major divergence events between these areas of very different ages. Also, almost half of the species that we included in the present study included deep lineages across the region that may reflect a single event, which means that more than half of them did not.
This all means that, if a more restrictive study were conducted on only one, or a few, of these species, the resulting conclusions would often differ from the most common regional pattern, which itself would only be detectable with multiple lines of evidence. While all patterns may equally valid, only providing a single one is an impoverished 'one-dimensional' view of the biogeographic history of an area, whereas AUSTRALIAN FRESHWATER PHYLOGEOGRAPHY 565 a fuller, richer 'multidimensional' account, which may uncover potentially 'cryptic biogeography', necessitates the inclusion of many species. Although our study system is freshwater and Australian, the techniques and ideas that originate from our work are applicable to any ecosystem or geographic region. As GenBank fills up with more and more data, largescale comparative phylogeographic meta-analyses become feasible and desirable to fully explore the complex relationship between landscape and biota.
As well their usefulness for regional biogeography, comparative phylogeographic data have a potentially important role to play in species and landscape management, as well as in the detection of anthropogenic influences (Husemann et al., 2012) . It has not escaped our notice that these data and analyses suggest possible methods for targeted conservation planning at the landscape and ecosystem scale (Page, Marshall & Hughes, 2012) , which is increasingly required given the continuing expansion of urban development and water resource infrastructure. 
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